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The late  changes  in  the  static  surface  tension  of  serum  solutions
following antigen injections in rabbits, have been studied in two papers
of this series, and it has been shown that the "time-drop"  (difference
between the initial value of the surface tension of the solution and its
value  after standing  2  hours  in a  watch-glass)  increases  in parallel
with the antibody content.,  Curves have  been published  exhibiting
the progressive  increase  of the time-drop  after  a certain  period, and
the establishment of a maximum value between the 12th and 13th days
after  the  first  injection.  In  the experiments,  the  animals  (rabbits)
were  injected  with  various proteins  and  with smallpox  vaccine,  but
were  always given  three successive  injections  or more,  except  in the
case  of vaccine.  The  question  arose  as  to  whether  the  same  phe-
nomena  would occur,  if the animals  received but a single injection  of
antigen;  also whether the maximum would occur after the same  num-
ber of days, and be of the same magnitude; and whether the amplitude
of the drop  would  be  a function  of  the amount of  antigen injected.
The further  question  was raised  whether a new  injection, just  after
the peak of the time-drop  had been reached  (13th day), would  result
in an exaggeration  of the phenomenon, or delay its decrease.
EXPERIMENTAL.
Twelve rabbits were used,  six as controls.  All  these animals  were
studied for a period of 2 months before the injection, in order to make
'du Noiy,  P. L., J. Exp. Med.,  1923,  xxxvii,  659.
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certain  that they had normal time-drops, that is to say time-drops of
less  than  10  dynes. '.2 When  this  had  been  ascertained,  they  were
injected  intravenously  with  the  antigen  made  from  crushed  horse
kidneys and provided by Dr. Landsteiner.  This antigen  was chosen
because  of  its  harmlessness  and  its  constant  results.  In  previous
work, some  trouble had been experienced  with other antigens.  One
of the animals died just before the experiment was started, so only five
were left, in addition  to the controls.  Rabbit 1 received  4 cc.  of the
antigen;  Rabbits 2 and 3, 5  cc.; Rabbits 5  and 6, 10 cc.  All were, of
course, kept and fed in the same way as the controls.  Measurements
were made every other day.  In the following  table,  crosses  indicate
the time of the bleedings.
TABLE  I.
Day after antigen injection.
Controls.
Experimental.
No.  1
"  2
c  3
cc  5
"  6
No.  7
"  8
"  9
"  10
"  11
S
X
X
X
X
X
6
X
X
X
X
X
X
7
X
X
X
X
X
8
X
X
X
X
X
X
9
x X
X
X
X
12
X
X
X
X
X
X
X
X
X
X
X
13
X
X
X
X
X
X
X
X
X
X
X
:X
,X
,X
:X
:X
:X
:X
:X
15
X
X
X
X
X
X
16
X
X
X
X
X
19
X
X
X
X
X
X
20
X
X
X
X
X
21
X
X
X
X
X
X
23
X
X
X
X X
26
X
X
X
X
X
X
27
X
X
X
X
X
28
X
X
X
X
X
X
It  will be seen that the controls and the experimental  animals were
bled alternately, except on the 12th and 13th days when the time-drop
phenomenon  was  expected  to reach  its maximum.  The reasons  for
not making the measurements  every day were, first that the animals
might be disturbed by too frequent bleedings,  and, second because  6f
technical difficulties.  It  must be borne in mind that seventeen differ-
ent dilutions  of the serum  were  made  in every  case.  This in itself
2du Noiiy,  P. L.,  J.  Exp. Med.,  1924,  xl,  129.
a  The horse kidney is crushed and diluted to  1:10 with  physiological solution
(NaCl, 0.9  per  cent).  0.5  per  cent  of  phenol is  added  as preservative.  The
mixture is allowed  to settle and  the supernatant fluid  is used.
.
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required  considerable  glassware  which  had  to  be  cleaned  with  the
utmost  care.  As  two  measurements  of  the  surface  tension  were
required, 2 hours apart, this meant thirty-four measurements for  each
serum.  When all sera were dealt with, as on the 12th and 13th days,
374 measurements of surface tension had to be made in 1 day.  This
amount of labor  can be  carried  out during 2 days,  but  it  becomes
extremely  taxing on all  concerned  when  done oftener.  Fortunately
this appeared unnecessary.  As matters stand, the first  set of experi-
ments  reported  in the present  paper  required  a  total sum  of  4,420
measurements  of  surface  tension.  They  were  rendered  possible
through the simultaneous use of three tensiometers  on tables of a sort
previously described,4 each  table holding forty-four watch-glasses.
The seventeen different dilutions of every serum were made because
it was  important  to know whether  the maximum  drop, or absolute
minimum of static surface  tension  always occurred at the  same dilu-
tion,  or whether  it was  slightly  shifted,  perhaps  from an unknown
cause, perhaps as a consequence  of the injection of antigen.  The fol-
lowing dilutions were studied:  1:10,  1:100, 1:1,000, 1:7,500,  1:8,000,
1:8,500,  1:9,000,  1:9,500,  1:10,000,  1:10,500,  1:11,000,  1:11,500,
1:12,000,  1:12,500,  1:13,000,  1:100,000,  and  1:1,000,000.  The
1: 7,500 and  1: 13,000 dilutions correspond  approximately  to dilutions
of the proteins of 1:105,000 and 1:182, 000 respectively, and each step
of  1:500  in  the  dilution  to  a  difference  of  1: 7,000  in  the  proteins.
This in turn corresponds  to a difference  in thickness  of the adsorbed
layer of, roughly, 2.2 X  10-8 cm.  As the thickness of the monolayer
of rabbit serum  is about 41  X  10-8 cm.,s this means that a change of
about 5 per cent in the thickness could  be detected.  On  taking into
account the working conditions, and the variations likely to arise from
changes in the concentration of the proteins over a period of 3 months
in the animal  life,  this was considered  as the  maximum of accuracy
that could be reasonably expected.
Table  II gives  the  concentrations  at which  the minimum  surface
tension was observed for  the five  experimental animals  and two  con-
trols.  It is obvious that no constant shift occurs after immunization.
Such  differences  as  were noted  may  be laid  to experimental  errors.
4du Noiiy, P. L.,  J. Gen. Physiol., 1923-24, vi,  625.
du Notiy, P. L., J.  Exp. Med., 1924,  xl,  133.
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TABLE  II.-Dilution at  Which  the  Minimum  Value  of Surface
Rabbit No.
1
2
3
4
5
Controls.
6
7
8
Mean
value of
measure-
ments
made be-
fore injec-
ton of
antigen.
1:10,500
1:10,000
1:10,500
1:10,500
1:10,500
1:10,500
1:10,500
1:10,500
Mean  value  of  experi-
ments.
Mean value of controls.
"  "  "  all  ex-
perimentals.
Mean  value  of  all
controls.
It follows that no variation greater than 5 per cent occurs in the mean
length of the protein molecules after immunization.  For the sake of
clearness  and simplicity  charts  instead  of  tables  have  been  used to
express  the  individual  results.  In  all  these  charts,  the  absolute
minimum  value  of  the  surface  tension,  after  2 hours,  of  solutions
corresponding  to  the  monolayer  of  the  serum  is reported.  The
decrease  of  this value,  and the  existence of  a minimum between  the
12th and the 16th days are clearly to be seen.  (Text-figs.  1 to 5.)
In Text-fig.  6, the time-drop, i.e., the difference between the mini-
mum value after 2 hours and  the initial value, is recorded,  together
with the mean  value  for all the controls.  Text-fig.  7 gives the indi-
vidual  static values  of the controls, and Text-fig.  8  the initial  values
of  experiments  and  controls.  It  will  be  observed  that,  although
the maximum  generally  occurs  on the 13th  day, it occurred  on the
15th and 16th days in two of the cases.  This delay has been unique
in my experience.
5
Day after antigen
1:10,500
1:10,500
1:11,000
6
1:10,000
1:11,000
1:10,000
1:10,000
1:10,500
1:10,500
7
1:10,000
1:11,000
1:11,000
1:10,666
8
1:10,000
1:11,000
1:10,500
1:10,000
1:11,000
1:10,500
9
1:10,00C
1:11;000
1:10,50C
1:10,500
12
1:10,000
1:10,00
1:11,00C
1:10,500
1:11,500
1:10,50C
1:10,50
1:11,00C
1: 10,600
1:10,333
13
1:10,500
1:10,000
1:10,500
1:10,500
1:11,000
1:10,000
1:10,500
1:10,500
1:10,500
1:10,333
1:10,666
15
1:10,500
1:11,000
1:10,500
1:10,500
1:11,000
1:10,750
1:10,666 1:10,166
1:10,517
1:10,400
1:10,500
------- ￿-
.
----
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c'sion Occurred in  Five Experimental Animals and  Three  Controls.
4ctcdon.
19
1:10,50s
1:10,50C
1:10,50 
1:10,500
1:10,500
1:10,50
1:10,500
20
1:10,500
1:10,500
1:10,500
1:10,500
21
1:10,00
1:11,000
1:10,00o
1:10,500
1:10,000
1:10,500
1:10,166
23
1:10,500
1:10,500
1:10,500
1:10,500
26
1:10,50C
1: 10, 50
1:10,500
1: 10, 000
1:10,000
1:10,500
1:10,166
27
1:10,500
1:10,500
1:10,500
1:10,500
1:10,500
28
1:10,500
1:11,000
1:10,500
1:10,500
1:10,500
1:10,750
1:10,500
29
1:10, 500
1: 10, 50C
1:10,000
1:10,333
30
1:11,000
1:10,500
1:10,000
1:10,500
1:10,500
1:10,750
1:10,333
On the 15th  day, Rabbits  10 and  11  received  another injection  of
antigen,  equal  to the first;  namely,  10  cc.  No  change  in the curve
resulted.  It would seem  from  this finding  that  the increased  time-
drop is not due to the presence  of antigen in the blood.
Aspect  of the Diluting Solution of the NaCI Crystals.-The serum
dilutions  were  allowed  to  evaporate  in  the  watch-glasses  at  room
temperature.  A  very  striking  phenomenon  was  observed  in  the
case of those of the 12th, 13th,  15th,  and 16th days.  While the con-
trols showed  the ordinary  appearance pictured in  fine aggregates of
extremely  minute  crystals  at concentrations  around  1:10,000  (Fig.
1, a),  the  immune  sera,  on  the  contrary,  exhibited  at one  definite
concentration  an  organized structure  of large crystals  (Fig.  1, b and
c).  This  peculiar  crystalline  disposition of the sodium chloride had
never  been  observed  before  in  our  previous  experiments,  probably
because  only  solutions  at  1:1,000,  1:10,000,  and  1:100,000  were
studied,  with  no  intermediate  steps;  and  the  phenomenon  happens
16
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only at a very definite concentration,  namely that which corresponds
to the  absolute  minimum  value  of  the static surface  tension.  Fig.
2  is a photomicrograph  taken with polarized light, of a control, while
Fig. 3 is a picture taken under the same conditions, of immune serum
No.  8.  The difference  in structure  will be evident.
DISCUSSION.
In the light  of the  experiments  described  above,  it can  be stated
that an important reaction takes place in the circulation of the animals
subjected  to injections  with  certain  antigens.  This  reaction  begins
to  affect  the  field  of  forces  of the molecules  of  some  of  the protein
constituents  of  the  serum  about  8  days  after  the  injection.  The
disturbance  resulting  from  this  reaction  reaches  a maximum  some
time between  the 12th and the 16th days, generally between the 12th
and 13th days.  Then it decreases,  and finally disappears around the
30th day.  At the  time of  the  maximum,  a considerable  number of
molecules  are involved, as shown by the striking effect on the crystal-
lization of NaCl.  The evolution of this phenomenon, when  the time-
drop is plotted in ordinates  and the time of days in abscissae, follows
closely  the  curves  obtained  by Jrgensen  and  Madsen7 (immunity
reaction in the test-tube)  and by Fischer.8
The  phenomenon  cannot  be  due  to  the mere presence  of  antigen
in  the  circulation  for  the  following  reasons.  First,  the  maximum
always occurs  around  the  13th  day,  no matter  whether  the antigen
has been injected in a massive  dose on  the 1st day, or whether it has
been injected in four  successive  doses on  the  1st,  5th, 8th,  and 11th
days.'  Second, when an amount of antigen equal to the initial  quan-
tity is injected into  the animal the  day after the maximum time-drop
has been reached, the evolution of the phenomenon is not affected and
no further increase  of the time-drop  is observed.  The latter goes on
6  However,  it does not seem  to occur in all  cases,  as a few further experiments
did not show it regularly.
7Jrgensen,  A.,  and Madsen,  T., Festkrift  ved Indvielsen  af  Statens  Serum
Institut, in  Contributions  from  the University  Laboratory  for  Medical Bacteri-
ology  to  celebrate  the inauguration  of  the  State Serum  Institute,  Copenhagen,
1902,  Paper  6,  12.
8Fischer,  A.,  . Exp. Med.,  1922, xxxvi,  535.
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decreasing  gradually  until  the  30th day.  Third,  animals  reinjected
at the end of 30 days fail to show the increased  time-drop  again.
CONCLUSIONS.
1.  The  injection  of  antigen  into  an animal  determines  a  gradual
change in the blood fluid which finds expression in two physicochemi-
cal manifestations  that can readily be followed,  namely a decrease  in
the static value of the surface tension of serum solutions, and a special
form of crystallization when serum diluted with  isotonic sodium  chlo-
ride solution is  allowed  to evaporate  under  certain  conditions.
2.  The  change  in  the  blood  is  at  a  maximum  around  the  13th
day after the first antigen injection,  and decreases progressively there-
after until  it can  no longer be observed,  which is usually  around the
30th day.
3.  The change follows the same course, whether a single large injec-
tion of antigen is made, or many smaller ones.  It begins at the same
time in either case, it comes to a maximum after  the same period, and
in its subsequent course it is not affected by the reinjectionof antigen.
The manifestations of the change would appear  to be independent  of
the presence  of antigen in the circulation.
4.  The mean length of the protein  molecules  of the immune  serum
obtained after the injection  of the antigen dealt  with is little if at all
different from  that of the protein molecules  of normal serum.
5.  It  is possible  that this  reaction  is independent  of  the antibody
formation.
EXPLANATION  OF  PLATES.
PLATE  25.
FIG.  1.  Photographs,  slightly  reduced,  of  watch-glasses  after  evaporation  of
the  solution.  The top row a is a  normal  serum  (control).  The two  lower rows,
b and  c,  are  immune  sera.  In  these  two  series  the  NaCi  crystals  at  the
dilution  1:10,500  are  quite  different  from  those  of  the  normal  serum,  and
also  from  those  of  other  concentrations  (1:10,000  and  1:11,000).
PLATE  26.
FIG.  2.  A  photomicrograph  of  the  area  delimited  in  black  on  the  first  row,
a of  Fig.  1 (concentration  1:10,500), normal  serum.  X  10.
FIGro.  3.  A  photomicrograph  of  the  area  delimited  in  black  on  the last  row,
c of Fig.  1 (concentration  1:10,500), immune  serum.  X  10.
Both photomicrographs  were  both  taken  with  polarized  light,  through a blue
filter.
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PLATE  26